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ABSTRACT
Sense of belonging and its various factors has been identified as one of the most
important aspects that affects college students’ success, retention, and persistence. The
purpose of this quantitative research was to explore the relationships and examine the
differences between experiences in a living-learning community and students’ sense of
belonging, with specific attention to underrepresented minority groups in science,
technology, engineering, and math (STEM): females and students of color. Specifically,
this research examined how engineering students’ perceived experiences in their livinglearning community during their first year, with their peers and the campus community,
related to their sense of belonging to the engineering major and their institution. This
study also explored the relationships between students’ experiences, sense of belonging,
and outcomes such as student success as measured by cumulative content GPA and intent
to persist in the major or remain at the institution. This research analyzed secondary data
from a survey adapted from various living-learning community, student experience, and
sense of belonging surveys, as well as utilizing institutional data such as sex, race, high
school GPA, SAT scores, and GPA of engineering courses.
This study found that the experiences of students of color in the living-learning
community and the sense of belonging were significantly lower than those of white
students. There were no significant sex differences in student experiences, belonging, or
intent to persist. The experiences related to Peer Involvement were significant predictors
of a sense of belonging to the engineering major, while the experiences related to Peer
and Community Involvement were significant predictors of a sense of belonging to the
institution. Belonging to the major was also a significant predictor of cumulative

engineering content GPA. Finally, a higher sense of belonging to the engineering major
significantly increases the odds of intending to persist in the major.
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CHAPTER ONE: INTRODUCTION
In this chapter, the purpose of this study and the importance of the examination of
engineering students’ sense of belonging and experience in a living-learning community
are discussed. In addition, research questions along with the conceptual model are
presented.
Background of the Study
Various supports and interventions have been designed to support first-year
students, their transition to the college environment, and ultimately their retention to the
second year of college. The effects of such interventions have been studied for
populations such as STEM (science, technology, engineering, and math) students;
historically marginalized college students; and underrepresented student groups such as
females and minority males in STEM (Astin, 1993; Kuh et al., 2005; Pascarella &
Terenzini, 1991). The United States has a significant gender and ethnicity imbalance in
tertiary degree attainment in the field of engineering. Women, considered
underrepresented in the STEM fields (National Science Foundation, 2016), are earning
60% of the nation’s bachelor’s degrees, but only 2% of all women graduates are
engineering students. According to the U.S. Department of Education (2016), engineering
degrees only account for about 5% of all bachelor’s degrees conferred in the country,
with women making up only about 19% of all engineering degrees and 34.7% of all
engineering degrees awarded to students of color. While the number of degrees in
engineering has increased 29% between 2008 and 2014, the field of engineering is
projected to grow up to 10.6% in the next decade (U.S. Bureau of Labor Statistics, 2016)
and the interest in pursuing engineering degrees is not keeping pace with this growing
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field. In 2016, women students accounted for only 23.5% of all first-year engineering
students in the U.S., with students of color accounting for 42.4% of the first-year
engineering population (NSF, 2016). It is crucial to attract and retain all students and
perhaps more important to increase the gender and ethnic and racial diversity of those
who pursue and earn a bachelor’s degree in the engineering field.
The first year is especially critical for engineering students since this is when they
begin to develop an identity as an engineer (Pierrakos et al., 2009). One of the important
supports for first-year students is the living-learning community (LLC). An LLC is a
residential community in which all residents are studying the same major, which is
typically within the same college, or are grouped together by similar interests as selfselected by students (Gabelnick et al., 1990). Participation in a community of others on
the same path helps students create important connections between their social and
academic lives. LLCs have been shown to support students by creating opportunities for
both peer collaboration and faculty-student interaction outside of the classroom, and
increasing sense of community or belonging, which in turn have all been shown to
positively affect student success and retention (Astin, 1993; Cox & Orehovec, 2007;
Inkelas et al., 2006; Pascarella & Terenzini, 1991; Persaud & Salter, 2003; Tinto, 1993;
Upcraft et al., 2005; Zhao & Kuh, 2004).
The sense of belonging that students may feel in an LLC is a factor that prior
studies have associated with a smooth transition to college, academic achievement,
motivation, and retention (Freeman et al., 2007; Hoffman et al., 2002; Hausmann,
Schofield, & Woods, 2007; Hurtado & Carter, 1997; Johnson et al., 2007). Sense of
belonging is related to feeling as if one matters and can be defined as “the extent to which
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students feel connected, a part of, or stuck to a campus” (Strayhorn, 2008, p. 505).
Identified aspects of sense of belonging include interactions with peers, diverse others,
and faculty; involvement on campus; and perception of a supportive environment which
are also significant predictors in retention of first-year students (Astin, 1993; Freeman et
al., 2007; Hausmann, Schofield, & Woods, 2007; Hoffman et al., 2002; Hurtado &
Carter, 1997; Johnson et al., 2007; Spainerman et al., 2013; Tinto, 1987; Vaccaro &
Newman, 2016; Vaccaro & Newman, 2017). Sense of belonging is an important factor
related to a college student’s intent to persist and especially important in historically
marginalized and underrepresented groups (Strayhorn, 2008, 2012; Tinto, 1987).
Research on underrepresented groups in engineering suggests the need for
additional support to enhance their collegiate experience specifically during the crucial
first year, therefore attracting more students from these to the program and retaining them
through graduation (Flynn et al., 2015; Geisinger & Raman, 2013; Goodman et al., 2002;
Kahveci et al., Lee & Matusovich, 2016; Marra et al., Soldner et al., 2012; Steele et al.,
2002; Walton et al., 2015; Zeldin & Pajares, 2000). LLCs provide social and academic
experiences that help foster a sense of belonging to the residence hall and institution
(Freeman et al., 2007; Hoffman et al., 2002; Inkelas et al., 2007; Maltby et al., 2016;
Soldner et al., 2012). Existing research has also provided evidence that feeling a sense of
belonging is one of the most important factors influencing a college students’ success
(Freeman et al., 2007; Hoffman et al., 2002; Hurtado & Carter, 1997; Strayhorn, 2008,
2012; Vaccaro & Newman, 2016; Vaccaro & Newman, 2017; Walton et al., 2015;
Wilson et al., 2015). Since first-year engineering students are not dropping out of school,
but switching to non-engineering majors, it is important to examine the sense of

3

belonging to the engineering major as well (Seymour & Hewitt, 1994). Moreover, the
present study fills a gap in the literature by exploring the relationships between
experiences in the LLC, a sense of belonging to the major and the institution, college
academic success, and students’ intent to persist in their major and at the institution.
While this study is not strictly about the sex and race inequities in engineering, it is
crucial to acknowledge these discrepancies and create and foster an inclusive
environment that ensures the success of all students.
Research Questions
The present study examines the connection between experiences in the
engineering living-learning community (ELLC) and their sense of belonging to the
engineering major and to the institution, specifically comparing underrepresented groups:
females versus males and non-white versus white students. Further, the researcher
examines the impact of the ELLC experiences on student success, measured by first year
GPA in content area courses as well as the likelihood of students intending to persist in
the major and remain at the institution.
The following research questions are analyzed:
RQ1: How do students rate their experiences in the ELLC? How do students rate
their sense of belonging to the engineering major? To the institution?
RQ2: To what extent is there a difference between the way each sex rates their
experiences in the ELLC; their sense of belonging to the engineering major; their
sense of belonging to the institution; their intent to persist in the engineering
major; and their intent to remain at the institution? To what extent is there a
difference between the way students who identify as white or non-white rate their
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experiences in the ELLC; their sense of belonging to the engineering major; their
sense of belonging to the institution; their intent to persist in the engineering
major; and their intent to remain at the institution?
RQ3: To what extent do pre-entry attributes (high school GPA, combined SAT
score, sex, and race) and experiences in the ELLC predict reported sense of
belonging to the engineering major? To the institution?
RQ4: To what extent do ELLC experiences and sense of belonging to the major or
institution predict college academic success (as measured by cumulative content
GPA) after controlling for pre-college attributes?
RQ5: To what extent do ELLC experiences and sense of belonging to the major or
institution predict intent to persist in the engineering major or intent to remain at
the institution?
Conceptual Model
Figure 1
Conceptual model on the relationships among ELLC experience, sense of belonging, and
student outcomes
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Importance of the Study
This study fills a gap in the literature because it provides a connection between
first-year engineering students’ experiences in a living-learning community to their sense
of belonging and other outcomes such as academic success and commitment. This study
measures sense of belonging to the engineering major, which is not often explored. The
results of this study hold implications for residential and housing staff and engineering
departments for policies and programming, as well as for institutional policymakers
looking for ways to attract and retain diverse engineering students.
Organization of the Study
This study is comprised of five chapters. Chapter One provides the background
and importance of the study, followed by a review of the literature about college student
retention and persistence, living-learning communities, and a sense of belonging,
specifically addressing underrepresented student groups in science and engineering
majors, in Chapter Two. The methodology of the study will be discussed in Chapter
Three, followed by the results in Chapter Four. In Chapter Five, the study’s findings will
be presented and discussed regarding implications, limitations, and future research.
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CHAPTER TWO: LITERATURE REVIEW
This review of the literature is separated into three sections: retention and
persistence of first-year college students first, followed by an examination of livinglearning communities, and finally an overview of sense of belonging in college students.
Retention and Persistence
Retention and persistence are terms that are sometimes used interchangeably in
higher education literature. The U.S. Department of Education (2019) defines retention as
students returning to the same institution the following year and persistence as students
returning to any institution the following year to continue toward an educational goal,
such as earning a bachelor’s degree. This study is focused on whether a student intends to
stay at the same institution (retention) or in the same major, continuing toward the same
educational goal (persistence). This review of literature includes all relevant studies,
inclusive of both terms.
Tinto’s institutional departure model, also known as college retention theory
(1975, 1993) posits that the level of academic and social integration in the first year of
college has a positive effect on the retention of students after the first year. Academic
integration is defined as student-faculty interaction and intellectual connections with
academic subjects while social integration includes peer interaction and extracurricular
activities. Tinto’s model suggests that positive academic and social integration in an
institution creates a sense of belonging for students, which influences their commitment
to the institution and the likelihood that they will stay. He also included personal
attributes (gender and ethnicity), pre-college academic experiences (high school GPA and
combined SAT score) as predictors to retention. Many researchers have tested this theory
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and variations of this theory in single and multi-institution studies with similar results
(Astin et al., 1987; Ishitani, 2016; Pascarella & Terenzini, 1983; Stewart et al., 2015;
Strayhorn, 2012).
Attention to the first year for all first-time college students is crucial, but
especially for those already in underrepresented groups (Morrow & Ackermann; 2012;
Tinto, 1999). Any transition issues need to be resolved in the first year, ideally the first
semester, or they could negatively affect persistence--the earlier these issues can be
resolved, the more successful the students can be. Researchers recommend early
interventions to help underprepared students such as academic advising, counseling, and
tutoring. Intervention programs like these can help ease the transition for underprepared
college students (Pascarella & Terenzini, 2005).
Pascarella and Terenzini (2005) identified academic performance in college to be
a consistent predictor of persistence. In another examination, Stewart et al. (2015) studied
which factors, both in college and pre-college, could predict persistence for first-time
college students at a public research institution. High school GPA and first semester
college GPA were both significant positive predictors of persistence, with race/ethnicity
as a significant main effect on persistence. Students who identified as Asian/PacificIslander were the most likely to persist, followed by African-American students, White
students, Hispanic students, and finally American Indian/Alaska Native students. There
were no significant effects of gender on persistence. Astin et al. (1987) also identified
high school achievement, measured by high school cumulative GPA and SAT/ACT
scores, as significant predictors of persistence. They found that students with higher high
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school GPAs and SAT scores were more likely to graduate in four years than their lower
achieving peers.
Race has been known to have an indirect effect on persistence in college
(Pascarella & Terenzini, 1983). Students of color who did not experience academic
integration were less likely to be retained in college than white students. Ishitani (2016)
performed an extensive, multilevel study with 7571 first-time, first-year college students
looking at the time-varying effects of academic and social integration factors on first- and
second-year retention. They found that academic integration, gender, race, financial aid,
and first-year GPA significantly increased the odds of persisting to the second year of
college. Academic integration was defined as meeting with an advisor or faculty member
to discuss coursework or participating in a study group. Social integration was not
significant for either first or second-year retention, however this variable was measured
by participation in clubs and sports only. Identifying as a woman and Asian and Hispanic
students were less likely to drop out than men and white students. Similarly, Murtaugh et
al. (1999) stated that all students of color at a predominantly white institution (PWI) were
at a higher risk of withdrawing than their white peers, but after controlling for age, high
school and college GPA, and other demographic variables, they found that Asian and
Black students were actually more likely to persist than their peers. Baker and Robnett
(2012) also found that Black students had a higher retention rate than others on campus,
due to their social connections to others on campus. In contrast, Latino students had a
significantly lower retention rate than other students, likely due to their lack of
connections on campus. First-year GPA was a significant predictor for Latino students
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only. This study concluded that experiences in college were more important to the
success of underrepresented minority students than their pre-college attributes.
One group of underrepresented first-time college students are first-generation
students, or students whose parents did not complete college. Dika and D’Amico (2015)
examined at persistence in first-generation college students and found that early academic
performance increases the likelihood of persistence. Other important factors were
perceived social fit in all first-generation students, perceived preparation in math for
STEM majors, and perceived overall academic fit for non-STEM majors. Ishitani (2006,
2016) also found that first-generation students left college at a higher rate than non-firstgeneration students. The year of highest risk of departure was during their second year.
Even though women attend institutions of higher education at higher rates than
men in the United States, gender inequality still exists in many fields, with STEM fields
(excluding life sciences) consisting of large proportion of these. Engineering departments
are not only male-oriented, but the culture tends to be extremely competitive, which is
discouraging and unwelcoming to many women students and their learning styles
(Geisinger & Raman, 2013; Goodman et al., 2002; Soldner et al., 2012; Zeldin & Pajares,
2000). Women who are averse to high levels of competition may not persist in a field that
participates in the “weed out” mindset, in which those who are not successful essentially
do not belong in that field to begin with. This mindset is toxic and can be remedied by
encouraging the success of all students. The common large lectures of introductory
courses, such as chemistry, physics, and calculus, during the first few years of
engineering promote passive learning and rarely divulge connections to individual
majors. This has the potential to decrease student interest early on (Goodman et al.,
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2002). Moreover, these larger classes are often graded on a curve, which women have
claimed is frustrating because it promotes competition, not academic rigor, within the
class (Geisinger & Raman, 2013; Goodman et al., 2002). Competition is often noted as a
major deterrent and reason for women to leave an engineering major (Geisinger &
Raman, 2013; Goodman et al., 2002; Zeldin & Pajares, 2000). The faculty and advisors
are not aware of and therefore do not pay attention to motivators that are specific to
women students, such as hearing about professional women in engineering or having less
competition (Goodman et al., 2002).
According to Tinto (1987), women are more likely to leave their major for social
reasons than for academic reasons. Other than the individualistic and competitive culture,
women claimed to experience overt sexism in engineering departments (Geisinger &
Raman, 2013; Goodman et al., 2002). The climate of male-dominated academic areas
such as engineering can be perceived as especially negative for women who experience
discrimination based on their sex and the threat of fulfilling the gender stereotype that
women are not good at math and science (Steele et al., 2002). Goodman et al. (2002)
found that of the women who left the engineering major in their national study, half of
them claimed that it was due to dissatisfaction with the program. Women cited poor
teaching in math and science courses by professors who were more interested in their
research than instructing the next generation of engineers. Women perceived these
professors as uninterested and uninclined to respond to questions, pushing their students
to teaching assistants. Another third of the women left their engineering programs
because of the “chilly” climate and lack of support they received in the program. The
perception of a “chilly” climate comprises of how women feel as if they are not wanted
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and ultimately do not belong in engineering programs (Walton et al., 2015). The
researchers also found that “being female” had something to do with their dissatisfaction
in engineering. Women engineering students felt that they spent more time on their work
than men and worked better on teams but were often the note taker for the group. They
perceived a need to prove themselves and that their male peers found them to be
intimidating. While the women did not feel the need to only socialize or work with other
women undergraduates, the lack of peers was dismaying. Women also noticed the
unequal proportion of men and women faculty members in their department and wonder
about the future of their own success (Goodman et al., 2002).
Contrary to the reported unwelcoming climate of the engineering field, studies
have shown that women who choose to major in engineering tend to stay in them. King
(2016) examined persistence in STEM majors and found no significant gender
differences. Females who decided to enter a STEM major were no more likely to switch
out than their male peers, despite factors of unwelcoming environments for the minority
gender. Riegle-Crumb et al. (2016) studied the likelihood that individuals who entered
gender atypical college majors would stay in those majors. In this large study of 3702
undergraduate students, they found that males entering female-dominated majors were
more likely to switch majors than their male peers in other majors, but females who
entered male-dominated majors were no more likely to switch majors than their female
peers in other fields. The purpose of this study was to determine whether the occupational
segregation begins in college when students are choosing their major. They concluded
that even though females were less likely to switch out of male-dominated majors, such
as STEM majors, they were entering these majors at a much lower rate, indicating that
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females’ decisions to not enter a gender atypical field may be happening before college.
In contrast, males in nontraditional majors were more likely to make the decision to
switch out while enrolled in college. This supports the research that women who choose a
STEM major are just as likely as men to stay in their major. Therefore, if a program can
attract female students to participate, they should be able to retain those females.
Lee and Matusovich (2016) adapted Tinto’s model of institutional departure for
engineering student support services and applied it to a case study to create their own
model of co-curricular support for engineering students. This model identified
institutional experiences such as study groups, learning communities, and other
interventions that supported undergraduate engineering students. It also provided desired
outcomes and an outline of the depth and breadth of support services that students require
to be successful. The interventions and model of support were especially beneficial to
supporting underrepresented groups in engineering, such as women and Black and
Hispanic students. This model provided recommendations for practitioners to improve
both social and academic integration, thereby increasing retention.
In a multi-year, single institution study, Marra et al. (2012) examined the reasons
for students leaving the engineering major. The three factors that influenced decisions to
leave were poor teaching and advising, the difficulty level of the engineering curriculum,
and a lack of belonging in engineering. There were no significant gender differences, but
non-Caucasian students were more likely to perceive a lack of belonging as a factor
related to their decision to leave engineering than Caucasian students. They also found
that non-Caucasian students found the engineering curriculum to be harder than
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Caucasian students did. Lack of belonging in engineering was the only significant
predictor in a logistic regression analysis with choice of major as a dependent variable.
Another study that connected social and academic integration to retention was
Morrow and Ackermann (2012), by means of sense of belonging. The researchers
administered a survey with a Sense of Belonging Scale (Hoffman et al. 2002) in order to
study the relationship between sense of belonging and persistence in first-year college
students. Results of a multiple regression indicated that faculty support (a subscale of
sense of belonging) was the only significant predictor to intention to persist. A logistic
regression was run to determine if any sense of belonging subscales were related to
retention and the only significant predictor was peer support.
Living-Learning Communities
The transition from high school to college and persistence in college has been
thoroughly studied; moreover, many efforts have been made to increase the quality of the
first-year experience (Astin, 1993; Tinto, 1987; Upcraft et al., 2005). Of these supports,
living-learning communities (LLCs) are one of the more successful and welldocumented. A learning community can be broadly defined as a formal program where
groups of students are linked together, typically in cohorts, by curriculum, classroom,
student-type, and/or residential life, also known as a living-learning community
(Gabelnick, et al., 1990). Learning communities that have moved into the residence halls
are considered living-learning communities, in which students with similar courses are
living and studying together in the same residence halls. Gabelnick et al. (1990) compiled
the following comprehensive definition of a learning community:
A learning community is any one of a variety of curricular structures that link
together several existing courses — or restructure the material entirely — so that
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students have opportunities for deeper understanding and integration of the
material they are learning, and more interaction with one another and their
teachers as fellow participants in the learning enterprise. (p.19)
This definition suggests that the students in successful learning communities should be
given additional opportunity to create meaning and understanding by increasing the
interaction with each other (social integration) and the faculty or the program itself
(academic integration). Tinto (1999) posits that learning communities have three
objectives: shared knowledge, shared learning, and shared responsibility. The students
are both intellectually and socially involved with each other, which creates a larger
shared learning experience than if they were learning alone. These defined structures
create a sense of community within the larger college environment, an important aspect
of first-year success (Astin, 1993; Upcraft, et al. 2005). Some benefits of a livinglearning community are higher levels of satisfaction, more successful transition from high
school to college, and more likely to graduate in four years (Zhao & Kuh, 2004).
The concept of collaborative learning within learning communities allows for
students to create connections with the material and increases opportunity for
relationships between each other (Gabelnick et al., 1990). Collaborative learning is an
interaction between the two integration dimensions, academic and social, because
students are creating relationships with each other while having intellectual experiences
outside of the classroom (Tinto, 1993). Pascarella and Terenzini (1994) found that
students in LLCs are “more likely to persist, exhibit stronger academic achievement,
interact with faculty, and engage in a more intellectual residence hall atmosphere than
those in traditional residence halls” (p. 26). In accord with Bandura’s social learning
theory which states that education is an inherently social experience, Pascarella and
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Terenzini (1994) agree that the relationships and social experiences of college students
are significantly related to a successful transition to college. Feldman and Newcomb
(1969) studied the effects of peer groups on college students in the 1960s. They found
that peers were able to support each other and meet emotional and intellectual needs, not
met by faculty and in place of the recently misplaced familial experience. The additional
contact with peers provided by participating in a learning community enhances the ability
of individuals to develop as college students.
Marginalized groups that are already at risk for attrition, including women in
STEM majors, students of color at predominantly white institutions, and first-generation
students, may benefit greatly from the added support of an LLC. First generation students
in LLCs report a more successful academic and social transition to college than those
living in traditional residence hall settings (Inkelas et al., 2007). Additionally, studies
have shown that when these underrepresented groups are in an LLC, they are
significantly more likely to receive an undergraduate degree in STEM than their peers not
in an LLC (Maltby et al., 2016; Soldner et al., 2012).
Kahveci et al. (2006) found that women who were members of a residence hall
program designed specifically for women engineering students to meet peers and
successful women in their field were more likely to be retained than their peers who did
not participate in the program. LLCs help by adding to the important support network by
providing interaction with peers, and good LLCs could increase student-faculty
interaction outside of the classroom, which is another best practice for improving
engineering student retention (Geisinger & Raman, 2013). Strong support networks and
increased interaction with faculty improves persistence and success of students (Cox &
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Orehovec, 2007; Hyde & Gess-Newcombe, 2000; Pascarella & Terenzini, 1991; Shapiro
& Sax, 2011). Moreover, these support networks have the potential to help women build
their self-efficacy (Zeldin & Pajares, 2000). It is important that these groups are
sufficiently supported for the nation’s engineering field to grow and prosper. One of the
goals of an LLC is to make a large and potentially daunting college experience seem
smaller. By creating these smaller communities, students may feel a stronger sense of
belonging to their school than if they were in a traditional residence hall environment.
According to Dewey (1938), if the environment is conducive to an educative experience,
connections can be made by the individuals and learning can happen.
A study by Flynn et al. (2015) examined the difference in first-year experience
between engineering students in a living-learning community and engineering students
residing elsewhere. They found that the students living in the community spent
significantly more time with classmates outside of class, had stronger relationships with
their peers, felt like they belonged to a strong peer network, and felt as if they were a part
of the engineering community. Students experience a significantly higher level of sense
of belonging and community to their residence halls in a living-learning community
compared to students who live in traditional residence halls (Spainerman et al., 2013).
Sense of Belonging
Sense of belonging has various definitions and applications in literature, but many
are derived from psychologist Abraham Maslow’s Theory of Human Motivation (1962).
Maslow included “belonging and love” in his hierarchy of needs, after basic
physiological needs like food, water, and sleep, and safety and security. Maslow stated
that humans need to feel a sense of connection to a social group or other relationship.
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According to Maslow, one is motivated to fulfill these lower level needs and cannot grow
or move higher in the hierarchy to fulfill esteem or self-actualization until the basic needs
are met. Specifically related to belonging in college, Tinto (1987) argued that the
institution has a responsibility to provide environments and opportunities for social and
academic integration for students to be successful. Belonging to peer groups is important
to students’ abilities to adjust to college as well as to their cognitive development (Astin,
1993; Tinto, 1987). Astin’s (1984) student involvement theory “refers to the quantity and
quality of the physical and psychological energy that students invest in the college
experience” (p. 307) and is derived from his own 1975 study of retention. Astin found
that the more students were involved with their schools, the more likely they will stay at
that institution, and one of the main reasons for leaving the school was because they
weren’t involved enough.
Researchers have focused on sense of belonging in college students as it relates to
their decisions to leave an institution (Freeman et al., 2007; Hoffman et al., 2002).
Tinto’s (1987, 1993) theory of institutional departure, or retention theory, states that
students who are integrated into the school by way of belonging to a group, social or
academic, and feel as if they fit in, are less likely to leave. Tinto’s retention theory and
connection to belonging has been confirmed by various studies, but also criticized for not
including the perspective of students who are marginalized in higher education (Hurtado
& Carter, 1997; Strayhorn, 2008). Hurtado and Carter (1997) challenged Tinto’s
framework by creating a model of belonging that expanded upon participation or
nonparticipation in a group, incorporating cognitive attributes such as making meaning
and connections within peer groups. They used the three-item scale developed by Bollen
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and Hoyle (1990) to measure sense of belonging: “I feel a sense of belonging to … I feel
that I am a member of the … community. I see myself as part of the … community” (p.
485). This study examined the belonging of Latino students at a predominantly White
university and found that the type and timing of integration matters, not just whether a
student is a participant of a group or involved on campus. This model allows for the
individual experiences and perceptions of students to be measured, whether in the
dominant group or a historically marginalized group. Latino students in this study
identified the racial climate of their campus to be a predictor in their perceived sense of
belonging.
Johnson et al. (2007) utilized Hurtado and Carter’s (1997) conceptual framework
to examine the perceived sense of belonging in first year students from different racial
groups. They used five items to measure sense of belonging, using an agreement scale: “I
feel comfortable on campus,” “My college is supportive of me,” “I feel that I am a
member of the campus community,” “I feel a sense of belonging to the campus
community,” and “I would choose the same college over again” (p. 529). The results of
this study indicated that students of color reported an overall lower sense of belonging
than white students but regardless of racial/ethnic group, students who perceive their
transition to college to be smooth were more likely to have a stronger sense of belonging.
Multiple findings indicated that the residence hall was a crucial setting for belonging to
be fostered, so their recommendations included using the halls to improve the
experiences for students of color.
The Freeman et al. study (2007) adapted the Psychological Sense of School
Membership (PSSM) scale, originally developed by Goodenow in 1993 for elementary
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school students, to measure the level of belonging that first-year college students felt at
the class and university level. The researchers found that students who perceived their
professors to be encouraging, warm, and organized in their teaching felt a sense of class
belonging. While the study was not able to identify a significant relationship between
class belonging and institutional belonging, it did provide insight into which pedagogies
could support a sense of class belonging. Academic motivation was also a significant
factor related to a sense of class belonging. The authors found that students’ sense of
belonging to school was significantly related to a positive perception of social acceptance
and the most important factor in relation to institutional belonging.
Wilson et al. (2015) also adapted the belonging scale from Anderson-Butcher and
Conroy (2002) to assess students’ sense of belonging to STEM classes and major. Items
on a 5-point Likert scale included “I feel that I am accepted in…”, “I feel that I am a part
of…”, “I feel comfortable in…”. This study found significant relationships between sense
of belonging to major and effort and positive emotional engagement. They also found
that at a large research institution that belonging to the university was a significant
contributor to multiple factors of engagement. The researchers concluded that “belonging
represents a distinct attribute that reflects the experiences of students in the STEM
environment” and that sense of belonging to a major or institution can also reflect the
culture of the school.
Sense of belonging of students in underrepresented and marginalized groups have
been studied extensively since criticism that Tinto’s retention model might not work for
all groups of students (Hurtado & Carter, 1997). Spainerman et al. (2013) found that
white students feel a significantly higher level of sense of belonging on campus than
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students of color, regardless of their residence hall setting. Hausmann et al. (2007)
studied the differences in belonging and persistence between white and African American
students in their first year of college using Bollen and Hoyle’s three-item scale (1990).
They found that the sense of belonging of all students, regardless of their racial
background, significantly decreased over the course of the first year. Students with more
parental support reported lower sense of belonging and students with less academic
integration reported lower sense of belonging. They also found that students who were
initially more involved (measured by peer and faculty interactions) at the start of the year
reported a higher sense of belonging. This study confirmed the connection between sense
of belonging and persistence: sense of belonging had a direct effect on institutional
commitment and significant, indirect effects on intent to persist and persistence on all
students.
Strayhorn (2008) combined Hurtado and Carter’s (1997) framework with Tinto’s
retention theory to examine the effect that interacting with diverse peers had on black
men, specifically at primarily white institutions (PWIs). Strayhorn (2008) provided the
following comprehensive definition of belonging in this study:
Sense of belonging consists of both cognitive and affective elements. An
individual assesses his/her position or role in relation to the group (cognitive),
which, in turn, results in a response, behavior or outcome (affective). Sense of
belonging, then, reflects the extent to which students feel connected, a part of, or
stuck to a campus. (p. 505)
This definition allows for both the students’ perceptions of an experience and the actual
experiences to be measured as a sense of belonging. Strayhorn (2012) identified seven
core elements of belonging that contribute to his hypothesized model of college students’
sense of belonging: a sense of belonging as a basic human need; as a fundamental
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motive; can be more important at different times in different contexts, and among
different groups of students; is related to “mattering”; is intersected with the social
identities of students; creates positive outcomes such as persistence and engagement; and
must be continuously satisfied in order to be significant in the outcomes. Strayhorn’s
definition of sense of belonging, compiles concepts from multiple studies and theories
providing an inclusive, psychological measure of integration in college rather than an
exclusionary one. The present study asks students to rate their comfort, support,
acceptance, and connection to measure their sense of belonging, which includes each part
of Strayhorn’s definition.
In a qualitative study at a mid-sized public university, Vaccaro and Newman
(2016) examined how students from minoritized and privileged populations defined
belonging in college. The researchers placed the students into either the minoritized or
privileged group based on their self-identification in at least one minoritized identity
related to race, religion, ability, or sexual orientation. By conducting in-depth interviews,
they found that these two groups defined belonging very differently. Both minoritized
and privileged students spoke about comfort and fitting in as defining features of
belonging, but only minoritized students mentioned feeling safe and respect as being
important to their sense of belonging on campus. Three themes of things that affected
belonging emerged beyond the general definition: perceptions of the campus
environment, relationships, and involvement. Minoritized students were very aware of
the lack of diversity and how they were treated differently on their college campus, while
privileged students only commented on the fun and friendly environment. The quality of
relationships also influenced students’ sense of belonging: minoritized students felt that
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deep, authentic, and lasting relationships increased their sense of belonging and
privileged students only spoke about relationships that were more surface-level and
transactional (i.e., being familiar to others on campus, help with homework, etc.).
Minoritized students also spoke about having authentic connections to their peers in
student organizations and other forms of involvement on campus, and that participation
alone was not enough to influence their sense of belonging. Privileged students again
identified fun or enjoyment of the organization as well as feeling like their involvement
was making a difference or mattering to others in the community.
Studies on the sense of belonging of other marginalized populations further
demonstrate that different groups define and develop belonging differently than students
from the majority populations. Vaccaro et al. (2015) found that students with disabilities
rely on the interrelationships between self-advocacy, relationships with peers, and the
mastery of the student role to increase their sense of belonging. Stephens et al. (2012)
found that first-generation students felt that they did not fit in or match the overall culture
of the institution, which was ultimately associated with lower academic performance.
Similarly, in an examination of students from different socioeconomic backgrounds,
Ostrove & Long (2007) identified a significant relationship between sense of belonging
and self-reported and objective social class. LGBPQ students’ own sexual identities were
inherently linked to their sense of belonging that develops during their first year of
college, as well as authentic relationships with peers, student organizations, and a
supportive university environment (Vaccaro & Newman, 2017).
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Women are considered an underrepresented group in STEM fields and have been
the subject of studies that examine the factors that affect persistence and retention.
Johnson (2012) studied women in STEM majors and found that being a woman of color
negatively influences their overall sense of belonging. This researcher also found that
academic self-confidence and perceptions of the racial climate on campus and in the
residence halls were significant predictors to the overall sense of belonging. Good et al.
(2012) compared men and women college students’ sense of belonging to math and
found that women’s sense of belonging was negatively affected by the stereotype that
women are less capable than men to perform well in the subject. This sense of belonging,
or fit, may be especially important in women engineering students. Persaud and Salter
(2003) found that depending on their learning style, women may be less likely to feel a
good fit in “thinking” classrooms such as engineering courses.
Ro and Loya (2015) used an intersectionality framework to examine the effect of
both race and gender on self-efficacy ratings of engineering college educational outcomes
such as design, contextual, communication, teamwork, and fundamental skills. They
found that women rated their design and fundamental skills lower than their male peers
but assessed their communication and teamwork skills higher than men. There were also
more negative effects of gender for black women than for black men—creating a double
disadvantage for women of color.
Summary
Studies have been done on measures of first-year college students’ sense of
belonging to an institution (Freeman et al., 2007; Hoffman et al., 2002; Hurtado & Carter,
1997; Wilson et al., 2015), certain populations’ sense of belonging (Ostrove & Long,
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2007; Strayhorn, 2008, 2012; Stephens et al., 2012; Vaccaro et al., 2015; Vaccaro &
Newman, 2016, 2017; Walton et al., 2015), and a sense of belonging to a content area or
major (Good et al., 2012; Wilson et al., 2015). Belonging is a mediating outcome
between experiences in college and outcomes such as retention and graduation (Tovar &
Simon, 2010). Both sense of belonging and living-learning communities have been
shown to positively affect student retention (Freeman et al., 2007; Hoffman et al., 2002;
Inkelas et al., 2007; Maltby et al., 2016; Soldner et al., 2012), but these three variables
have not been linked together. There are also studies on the overall effectiveness of
living-learning communities (Inkelas et al., 2007; Maltby et al., 2016; Soldner et al.,
2012), but there are not any examining whether the specific experiences in these
communities might influence their sense of belonging to the major or institution. The
present study is the first study to examine the connection between college student
characteristics with social and academic factors enhanced by experiences in a livinglearning community, and intent to persist and academic performance. Engineering is a
STEM major and field that still has gender and racial inequality, which is why it is
important to examine how the experiences in the LLC and sense of belonging might
influence different student groups’ performance and intent to remain in the major or at
the institution.
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CHAPTER THREE: METHODOLOGY
This chapter provides an overview of the participants in the study, compared to
the population of first-year engineering students at this institution, as well as rationale for
choosing to study this sample of students. Then, the variables and instruments used in the
study, the data sources and collection, and the design of the analysis for each research
question is discussed.
Participants
Participants were selected from a public university located in northeastern United
States, which had an enrollment of 13,865 undergraduate students and 3,018 graduate
students in the fall of 2018 (Office of Institutional Research, 2019). All first-time, firstyear students placed in the engineering living-learning community (ELLC) live in one of
four engineering halls. This setting is ideal because the ELLC has the strongest support
from its college out of all the LLCs on campus: the college is dedicated financially to the
program and the dean values the initiatives of living-learning communities. The ELLC is
also fortunate enough to have four, small residence halls for their students, while other
LLCs on campus are sharing larger halls with either other LLCs or randomly placed
students. This allows for a close to ideal LLC infrastructure.
This study utilized a convenience, non-random sample of students who lived in
the four engineering residence halls during their first year, who voluntarily responded to
the surveys. The target population of this study is first-year undergraduate engineering
students. After running a power analysis for multiple regression using G-Power, 109
participants are needed for this study to have a medium effect size and power level of .80
(Cohen, 1992). The final sample included 115 participants, of which there was
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demographic data for 113 participants. The number of female participants was thirtyeight (33.6%) participants and seventy-five (66.4%) identified as male. More females
responded to the survey than would be representative for the population of first year
engineering students (see Table 1). Due to the small numbers in each self-reported
race/ethnicity category of non-white participants, the researcher combined all students
who did not identify as white into one race/ethnicity group called “non-white” (N=28)
and all students who identified as white into another (N=85), which was almost
representative to the population of first year engineering students (See Table 1).

Table 1
Participant Table
White Students
Variable
Participants
Population

Males
51%
(58)
57.3%
(209)

Females
23.9%
(27)
14% (51)

Non-White Students
Males

Females

15% (17)

9.7% (11)

21.1%
(77)

7.7 (28%)

Total Students
Males
66.4%
(75)
78.4%
(286)

Females
33.6%
(38)
21.6%
(79)

Variables and Instruments
Pre-Entry Attributes. The institution collects all demographic data upon
admission using the Common Application. The data were accessed in the student
information system. The researcher examined self-reported sex (male or female);
race/ethnicity (white and non-white); high school GPA (normed and scaled on 4.0); and
SAT score (math and reading combined). While there are multiple underrepresented
groups as first-year college students, as STEM majors, or related to a sense of belonging,
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this study only focuses on sex and race, with women as the underrepresented group in
STEM majors and students of color as the underrepresented group in college, more
specifically a predominantly white institution (PWI), and in STEM majors. The
researcher prefers the use of gender (man and woman) rather than sex (male and female),
but the Common Application uses sex as an indicator, so this study also used sex when
discussing results. The researcher was consistent with language in the literature, i.e.., if a
study discussed sex, the terms male and female were used and if the study referred to
gender, man and woman. The researcher elects to use white and non-white for the
race/ethnicity variable based on the small number of participants in each category other
than white, even though the preference is to use the language student of color. This
demographic variable is referred to as race for the remainder of the study. The academic
pre-entry attributes of high school GPA and SAT scores are used as controls in the
models, since they are significant predictors of student outcomes such as academic
performance, persistence, and retention (Astin, 1993; Astin et al., 1987; Kuh et al., 2005;
Pascarella & Terenzini, 2005; Stewart et al., 2015; Upcraft et al., 2004).
ELLC Experience. The College of Engineering created and administered a
survey to evaluate the effectiveness of their LLC. This study utilizes the results from the
2018-2019 administration of the survey, but a version of the survey has been
administered since the 2016-2017 academic year. Students voluntarily participated in the
survey at the end of their second semester (see Appendix A for survey instrument). The
LLC survey is adapted from the Iowa State University Undergraduate Education Survey
(Huba et al., 2000). It has open-ended questions as well as Likert-scale rated questions
looking at the engagement and satisfaction levels. Among 28 items on perceived

28

experiences and engagement in the ELLC, the researcher chose to examine the 8 items
that correspond to academic and social integration factors in Tinto’s retention theory
(Tinto, 1975,1993). However, this study only measured participation in a study group as
an academic integration factor because the ELLC does not integrate faculty into the
experience nor were there any other items on the existing survey that measured
intellectual connections. These 8 items were also identified as critical aspects of LLCs
linked to an outcome of LLCs, cultivating a sense of belonging (Astin, 1993; Freeman et
al., 2007; Hoffman et al., 2002; Hausmann et al., 2007; Hurtado & Carter, 1997; Johnson
et al., 2007; Spainerman et al., 2013; Tinto, 1987). The experience items have been used
in LLC studies before, which increases the internal validity of the original instrument
(Light, 2005; Huba et al., 2000). However, it has been modified in a way that will not
withstand the same validity and reliability as the original, so an exploratory factor
analysis was performed to identify underlying constructs along with reliability analyses
on each scale.
The questions loaded into two separate constructs: Community Involvement and
Peer Involvement, both considered to be social integration factors in Tinto’s model
(1975, 1993). A Principal Component Analysis (PCA) with varimax rotation was
conducted to examine the underlying structure in a set of 8 items assessing ELLC
experiences (see Table 2 for constructs factor analysis). 68.6% of the variance was
explained between two components. Factor analyses render empirical support for two
conceptually driven factors. The “adjust to the university environment” item does not
specifically refer to connection to peers but was loaded into this construct.
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For further analyses, two variables (composite scores) were created to describe
students’ experiences at ELLC regarding peer and community involvement. Both
variables are factorially distinct and highly reliable (α = .83 for Peer and α = .84 for
Community) (See Table 4).

Table 2

Peer
Involvement

Community
Involvement

Factor Analysis of ELLC Experience Subscales

Item
My awareness of resources on campus.
My connections to clubs and universities.
Become more involved in activities on campus.
Create connections with upper-class or graduate
engineering students.
Form close friendships.
My awareness of students with similar interests.
Participate in study groups.
Adjust to the university environment.

Component
1
2
.832
.161
.807
.329
.735
.435
.552
.494
.181
.312
.448
.490

.884
.805
.669
.531

Sense of Belonging. Belonging was measured at two levels, major and institution. For
belonging to major, an adaptation of items from the Anderson-Butcher and Conroy
(2002) measure for belonging to STEM classes, majors, and the institution was used.
Similar adapted versions were used to measure the level of belonging science
undergraduates felt toward their institution, major, and class (Smith et al., 2012), to
measure STEM class and major belonging (Wilson et al., 2015), and to measure
belonging among first-year undergraduates in LLCs (Johnson et al., 2007). The present
study measures sense of belonging to the engineering major and the institution (see Table
3). Prior administration of this adaptation for each scale revealed strong internal
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reliability with alphas ranging from .80 to .88 (Smith et al., 2012; Wilson et al., 2015). A
PCA with varimax rotation was also conducted in the set of 10 belonging items assessing
belonging to major and institution. The factor loadings on their respective factors are
highlighted in bold. All items had high loadings on their respective factors (average
factor loadings = .792) and weak loadings on all other factors (absolute average factor
loadings = .229). The two reverse-coded items (“I wish I had chosen a major other than
engineering” and “I wish I had gone to another institution”) were not included in the
scales based on the reliability analyses (including items lower the reliability of the
scales). Two scales representing the sense of belonging to the engineering major (SBMajor) and the sense of belonging to the institution (SB-Institution) were created, both
factorially distinct and highly reliable (α = .92 for SB-Major and α = .93 for SBInstitution) (see Table 4).
Table 3

Belonging
to institution

Belonging
to major

Factor Analysis of Sense of Belonging Subscales

Item
I feel comfortable in my engineering major.
I feel that I am a part of my engineering major.
I feel accepted in my engineering major
I wish I had chosen a major other than engineering. (R)
I feel supported in my engineering major.
I feel that I am a part of the University community.
I feel comfortable as a University student.
I feel accepted as a University student.
I feel supported as a University student.
I wish I had gone to a school other than University. (R)

(R) - item was reverse-coded before analyses
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Component
1
2
.896
.220
.868
.305
.766
.304
.716
.007
.679
.438
.120
.895
.173
.895
.255
.870
.281
.852
.190
.478

Table 4
Reliability of Final ELLC Experience and Sense of Belonging Subscales
Variable
ELLC – Peer Involvement
ELLC – Community Involvement
Belonging to Major
Belonging to Institution

No. of items
4
4
4
4

Cronbach’s Alpha
.833
.838
.915
.928

Intent to Persist. This study measured a student’s intent to persist in the major
using the following item on the survey: “Do you think you will stay an engineering
major? Yes, No, Not sure.” The intent to remain at the institution is measured using the
following item on the survey: “Do you think you will stay at University? Yes, No, Not
sure.” Each response of “Not sure” was marked as missing for the purpose of this study.
These questions collected a self-reported decision to either remain in the engineering
major, considered persistence since they are asked only about their intentions of staying
an engineering major, or remain at the institution, which is considered retention since the
students are asked if they intend to remain at the specific institution. This study does not
utilize institutional retention or persistence data. Two variables, both dichotomous, were
created to denote students’ intent to persist in the major and in the institution.
Student Success. Academic success was measured by the content area
cumulative GPA at the end of the first year. Depending on the specific engineering major,
courses include Chemistry and lab, Physics and lab, Calculus, Pre-Calculus, and
Introduction to Engineering I/II Seminar courses. Students may have a cumulative GPA
from one to as many as nine courses taken during their first year, depending on their
progression in the course sequence.
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Data Sources and Collection Procedures
After IRB approval, the researcher utilized the results from the April 2019
administration of an existing survey that the College of Engineering administers to all
first-time, first-year residents in the engineering living-learning community. All students
who participated in the survey were asked to enter their student identification number.
The researcher obtained demographic information (gender, ethnicity, HS GPA, combined
SAT score), as well as a calculated cumulative content GPA from the College of
Engineering as de-identified data for all who participated in the ELLC survey.
Data Analysis
Secondary data analysis was conducted to answer the research questions. All
statistical analysis was performed using SPSS version 26. Descriptive statistics
(frequencies, means, and standard deviations) were used to determine student ratings of
their experiences in the ELLC, their sense of belonging to the engineering major and the
institution, and their intent to persist in the major and remain at the institution (RQ1). For
the second research question (RQ2), two sets of nonparametric independent samples ttests (Mann-Whitney test) were employed: one to determine if there were any differences
between the mean levels of the ELLC experience constructs across the reported gender
and race/ethnicity categories, and the other to determine if there were any differences
between the mean levels of the sense of belonging to both major and the institution across
the reported gender and race/ethnicity categories. Each of these nonparametric tests used
bootstrapping due to the non-normality of the dependent variables (Field, 2013). Multiple
regression analyses with bootstrapping were used to determine the relationship between
ELLC experience with sense of belonging after controlling for their pre-college attributes
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(RQ3). The pre-entry attributes (sex, race, SAT score, HS GPA) were entered in the first
block followed by ELLC mean constructs, Peer Involvement and Community
Involvement, in the second block. The sense of belonging to the engineering major was
the dependent variable in the first regression analysis and sense of belonging to the
institution was the dependent variable in the second analysis.
Both content GPA and intent to persist were the final variables of interest
(dependent variables) in regression analyses for both RQ4 and RQ5. For RQ4, multiple
regression analysis with bootstrapping was used to see the relationship among ELLC
experience, sense of belonging, and content GPA. Again, the pre-entry attributes (sex,
race, SAT score, HS GPA) were entered in the first block, followed by Peer and
Community Involvement in the second block, with sense of belonging to the engineering
major and sense of belonging to the institution in the third and final block. Since the
intent to persist is a dichotomous dependent variable, logistic regression was used for
RQ5 with Peer and Community Involvement in the first block, followed by the sense of
belonging to the major and to the institution in the second block. The pre-entry attributes
were not used in the final research question.
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CHAPTER FOUR: RESULTS
This chapter explores the findings of each research question. The results of
question one include a presentation of descriptive statistics and a brief discussion of how
participants rate their experiences in the ELLC, and their sense of belonging to both the
engineering major and the institution. Question two examines the differences between
participants’ experiences in the ELLC and sense of belonging, comparing responses of
different sex and races using nonparametric t-tests. Research question three investigates
the extent to which ELLC experiences relate to sense of belonging to the major and
institution after controlling for pre-entry attributes in a multiple regression analysis.
Research question four investigates the extent to which ELLC experiences and sense of
belonging relate to participants’ GPA in core first-year engineering courses, while
controlling for pre-entry attributes using multiple regression analyses. Finally, research
question five examines the likelihood of participants’ intent to remain at the institution or
in the engineering major based on their experiences in the ELLC and their sense of
belonging.
Research Question One: Ratings of ELLC experience and sense of belonging to
engineering major and institution
A review of the literature on living-learning communities indicated that the
experiences that these communities offer enhance students’ time in college, especially
during the first year (Astin, 1993; Cox & Orehovec, 2007; Flynn et al., 2015; Inkelas, et
al., 2006; Pascarella & Terenzini, 1991; Persaud & Salter, 2003; Tinto, 1993; Upcraft et
al., 2005). An examination of the way students rate their experiences allows a comparison
between these experiences and the intended outcomes of an LLC, which include making
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a smaller community on a large college campus, increasing awareness of campus
resources, and creating connections between students with similar interests/majors or in
the same classes. Table 5 shows the agreement ratings of how participants felt the ELLC
affected certain aspects of their college experience. In the Community Involvement
construct, it is apparent that participants felt that the ELLC helped them make
connections to resources and activities on campus more than with clubs and
organizations. The lower agreement rating on the item about connecting with upper class
engineering students suggests that it might be more difficult to create a human connection
outside of the ELLC than it is to create a connection to external resources. The agreement
ratings are overall higher in the Peer Involvement construct, indicating that the ELLC’s
ability to connect students to their peers is effective. One of the primary goals of an LLC
is easing the social transition from high school to college, or adjusting to the environment
of university, therefore it is an important item to include (Astin, 1993; Inkelas et al.,
2007; Upcraft, et al. 2005).
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Table 5
Percent of agreement on ELLC experiences

Peer
Involvement

Community
Involvement

Survey Item
My awareness or resources on campus.
Become more involved in activities on
campus.
My connections to clubs and
organizations.
Create connections with upper-class or
graduate engineering students.
My awareness of students with similar
interests.
Adjust to the university environment.
Form close friendships.
Participate in study groups.

Strongly
Disagree,
Disagree
6.1% (7)
10.4% (12)

Neutral

Agree,
Strongly
Agree
10.4% (12) 83.4% (96)
27.8% (32) 61.7% (71)

17.5% (20)

26.3% (30) 56.2% (64)

27% (31)

27% (31)

46% (53)

9.6% (11)

9.6% (11)

80.9% (93)

7.0% (8)
12.2% (14)
13.9% (16)

12.3% (14) 80.7% (92)
21.7% (25) 66.0% (76)
27% (31)
59.2% (68)

Note. Items are responses to the following prompts: “I feel that my participation in the
ELLC has improved” or “My ELLC living experience helped me to”.

Participants were asked to rate their sense of belonging to the engineering major
and to the institution using a Likert scale. Approximately 80% of the participants agreed
or strongly agreed with items on the sense of belonging to engineering major whereas
approximately 86% of the participants agreed or strongly agreed with items on the sense
of belonging to the institution. That is, the participants responded with higher belonging
to the institution than to the engineering major. Among items on the belonging to major,
support and acceptance were most agreed whereas comfort and feeling a part of major
were least agreed. On the other hand, participants expressed similar levels of high
endorsement for their sense of belonging to the institution.
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Table 6
Percent of agreement to statements about belonging to the engineering major and the
institution

Belonging to Institution

Belonging to Major

Survey Item
I feel supported in my engineering
major.
I feel accepted in my engineering
major.
I feel that I am a part of my
engineering major
I feel comfortable in my
engineering major.
I feel accepted as a University
student.
I feel comfortable as a University
student.
I feel that I am a part of the
University community.
I feel supported as a University
student.

Strongly
Disagree,
Disagree
3.5% (4)

Neutral

14% (16)

Agree,
Strongly
Agree
82.4% (94)

5.3% (6)

14% (16)

80.7% (92)

9.6% (11)

13.2%
(15)
15.8%
(18)

77.2% (88)

2.6% (3)

8.7% (10)

2.6% (3)

11.3%
(13)
10.5%
(12)
11.4%
(13)

88.7%
(102)
86.1% (95)

7.9% (9)

4.4% (5)
5.3% (6)

76.3% (87)

85.5% (95)
83.3% (95)

Note. (N=115) Items are responses to the following prompts: “I feel that my participation
in the ELLC has improved” or “My ELLC living experience helped me to”.

Research Question Two: Sex/race differences in ELLC experience ratings;
belonging to the engineering major and institution; content GPA; and intent to
persist in the major and at the institution
Preliminary analyses showed that the dependent variables, especially intent to
persist, are not normally distributed. Due to non-normality in the dependent variables,
Mann-Whitney U-tests, nonparametric t-tests were utilized to compare means (see Table
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7). There were no significant sex differences in their experiences in the ELLC, their
belonging to the engineering major and to the institution, and their intent to persist. The
only significant difference between sexes was found in content GPA. A Mann-Whitney
test indicated that females have higher content GPA than for males (U = 1856, p = .004)
with small effect size (r = .274).
Table 7
Mann-Whitney test results comparing means between males and females

Variable
ELLC - Peer Involvementa
ELLC – Community
Involvementa
Belonging Majora
Belonging Schoola
GPAb
Intent Majorc
Intent Schoolc

Male
Mean
SD
3.976
.917

Female
Mean
SD
3.901
.938

3.647

.932

3.735

4.197
4.390
2.708
.940
.955

.920
.812
.868
.239
.208

4.132
4.382
3.168
.919
1.000

U
1352

ES
.042

.824

1507.5

.047

.883
.883
.649
.277
.000

1334
1374.5
1856*
1226
1184

.053
.030
.274
.041
.127

a

Agreement scale: 1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 =
Strongly Agree
b
GPA on a 4.0 scale
c
Intent to Persist/Remain: 0 = No, 1 = Yes
*p< .05; **p< .01; ***p< .001

The Mann-Whitney U-tests comparing means between students who identified as
white and non-white uncovered four significant differences (see Table 8). Both the Peer
and Community Involvement ELLC experience construct means differed significantly
between white and non-white students: Peer Involvement (U = 749.50, p = .004, r = .274)
and Community Involvement (U = 744, p = .003, r = .280). This indicates that the nonwhite participants experience the ELLC differently than the white participants, with
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lower agreement ratings on their ELLC experience, confirming literature of
underrepresented minority students in a STEM major (Inkelas et al., 2007; Maltby et al.,
2016; Soldner et al., 2012). There were significant differences between white and nonwhite participants on their sense of belonging to the engineering major and institution in
the same direction: significantly lower for non-white students: U = 707.5, p = .001, r =
.310 for Belonging to the Major, and U = 688.5, p = .000, r = .330 for Belonging to the
Institution. These results provide rationale for controlling for sex and race in further
analyses. There were no significant differences between white and non-white content
GPA or intent to persist in the engineering major or at the institution. This is interesting
as non-white students who have similar content GPA and intent to persist still reported
significantly lower agreements on their ELLC experience as well as their sense of
belonging to engineering major and the institution.
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Table 8
Mann-Whitney test results comparing means between students who identify as white and
non-white

ELLC - Peer
Involvementa
ELLC – Community
Involvementa
Belonging Majora
Belonging Schoola
GPAb
Intent Majorc
Intent Schoolc

White
Mean
SD

Non-White
Mean
SD

4.105

.818

3.482

3.852

.755

4.35
4.532
2.912
.926
.963

.759
.678
.763
.264
.190

U

ES

1.063

749.50**

.277

3.143

1.072

744**

.280

3.643
3.946
2.704
.959
1.000

1.100
.891
.999
.209
.000

707.5**
688.5***
1072.5
903
897

.310
.330
.066
.050
.091

a

Agreement scale: 1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 =
Strongly Agree
b
GPA on a 4.0 scale
c
Intent to Persist/Remain: 0 = No, 1 = Yes
*p< .05; **p< .01; ***p< .001
Research Question Three: The relationships between ELLC experiences and sense
of belonging
Question three asked how and to what extent are the experiences in the ELLC
related to sense of belonging, both to the major and to the institution. The relationships
between these variables were explored using two multiple regression analyses. In the first
regression analysis, sense of belonging to the engineering major served as the dependent
variable and Peer and Community Involvement as the predictors, while controlling for
pre-entry attributes: sex, race, combined SAT scores, and high school GPA. The second
analysis used the same independent variables with belonging to the institution as the
dependent variable.
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Table 9 shows the findings from these hierarchical multiple regression analyses
with bootstrapping. Model 1 includes only the pre-entry attributes, and Model 2 includes
both pre-entry attributes and ELLC experiences. In Model 1, race was a negative,
significant predictor for belonging to both the major and the institution. However, when
the ELLC experiences were added in Model 2, the race variable lost its significance.
Regardless of a participant’s race, those who felt their experiences in the ELLC were
positive also felt a stronger sense of belonging. This indicates that the minority gap in
non-white participants feeling a lower sense of belonging than white students (RQ2) may
not be due to their race, but possibly based on the experiences they have on campus. This
is good news for policymakers as ELLC experience is a tractable policy whereas race is
not. Peer Involvement was a significant predictor for both belonging to major and
institution, which aligns with the literature about the benefits of LLCs exemplified by
social experiences (Flynn et al., 2015; Inkelas et al., 2007; Maltby et al., 2016; Soldner et
al., 2012). Although Peer Involvement was a significant predictor for both measures of
the sense of belonging, it is a much stronger predictor for sense of belonging to the
engineering major. This also is an important finding for policymakers as it shows the
importance of ELLC experience--cultivating more positive peer relationships--in
developing college students’ sense of belonging to their major. Community Involvement
acts as a significant predictor to institutional belonging only, which makes sense based on
the types of experiences in the Community Involvement construct, most focused on the
effect the ELLC has on their experience on and around campus. It is also interesting to
see none of the academic pre-entry attributes (both SAT scores and HS GPA) had
significant effects on sense of belonging measures. Almost 73% of the variance was
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explained by Model 2 for institutional belonging, with 64.5% of the variance explained
by Model 2 for major belonging.

Table 9
Summary of multiple regression analyses with bootstrapping for variables predicting
sense of belonging to the institution and the engineering major

Variable
Major Belonging
Pre-Entry Attributes
Sexa
Raceb
Comb. SAT Scores
HS GPAc
ELLC Experiences
Peer Involvement
Community Involvement
2
R
F for change in R2
Institutional Belonging
Pre-Entry Attributes
Sexa
Raceb
Comb. SAT Scores
HS GPAc
ELLC Experiences
Peer Involvement
Community Involvement
R2
F for change in R2

β

-.006
-.280*
.125
.060

Model 1
Bias

SE

β

Model 2
Bias

SE

-.002
-.009
.000
.003

.208
.247
.001
.219

-.068
-.131
.151
.068

.007
-.019
.000
.002

.177
.205
.001
.173

.610***
-.069

.005
-.009
.645
21.646***

.118
.117

.022
-.174
.059
-.081

.005
-.002
.000
-.001

.141
.182
.001
.158

.332**
.361**

.001
-.009
.729
33.570***

.100
.092

.348
3.037*

.133
-.372**
.041
-.131

.008
-.001
.000
.002

.164
4.329**

a

Sex: 0 = male, 1 = female
Race: 0 = white, 1 = non-white
c
Recalculated HS GPA on a 4.0 scale
*p< .05; **p< .01; ***p< .001
b
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.187
.218
.000
.002

Research Question Four: The relationships between ELLC experiences, sense of
belonging, and content GPA
The fourth research question asked how and to what extent the experiences in the
ELLC and the sense of belonging to the major and the institution are related to content
GPA. The relationships between these variables were explored using a multiple
regression analysis. The dependent variable was content GPA, with the two ELLC
experiences, Peer and Community Involvement, and sense of belonging to the major and
the institution serving as the predictors, all while controlling for pre-entry attributes: sex,
race, combined SAT scores, and high school GPA.
Table 10 shows the findings of hierarchical multiple regression analyses. Model 1
includes only the pre-entry attributes as controls, Model 2 includes both pre-entry
attributes and ELLC experiences, and Model 3 includes pre-entry attributes, ELLC
experiences and sense of belonging in predicting first year content GPA. Across three
models, the two academic pre-entry attributes were significant predictors for first year
content GPA. This is not surprising as it corroborates the literature that academic
performance in high school is a significant predictor for academic performance in the
first year of college (Astin, 1993; Astin et al., 1987; Kuh et al., 2005; Pascarella &
Terenzini, 2005; Stewart et al., 2015; Upcraft et al., 2004). When the two ELLC
experience measures were added to the model (Model 2), they were found to be
insignificant predictors of college academic performance although combined SAT score
and HS GPA remain significant predictors, resulting in a small insignificant R change
2

(2.3% of additional variances explained). Model 3 shows that sense of belonging to the
engineering major was a significant predictor for college academic performance (β =
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.356, p<.01) over and above the effects of high school academic performance. In other
words, when participants feel more sense of belonging to their major, they perform better
in their content courses. This clearly supports the claim that developing a more positive
sense of belonging to the major is important for academic performance as well. Although
ELLC experiences were not significant factors for content GPA, results for question three
show that ELLC experiences, specifically peer involvement was a significant
predictor for both sense of belonging to the engineering major and the institution. This
may indicate that ELLC experiences may not have direct effects on academic
performance but influences indirectly through enhancing a sense of belonging to the
engineering major. Model 3 accounts for 44.8% of the variances in content GPA.
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Table 10
Summary of multiple regression analysis with bootstrapping for variables predicting content GPA (three models)
Model 1
Bias

46

Variable
β
Pre-Entry Attributes
Sex1
.094
.-.014
Race2
-.024
.007
Comb. SAT Scores
.384**
.000
HS GPA3
.264*
.017
ELLC Experiences
Peer Involvement
Community Involvement
Belonging
Major
Institutional
R2
.355
2
F for change in R
12.106***
a
Sex: 0 = male, 1 = female
b
Race: 0 = white, 1 = non-white
c
Recalculated HS GPA on a 4.0 scale
*p< .05; **p< .01; ***p< .001

SE
.144
.007
.001
.188

Model 2
Bias

SE

.084
.010
.392**
.261*

-.006
.004
.000
.018

.149
.193
.001
.187

.201
-.075

.021
-.032

.122
.143

β

.378
1.617

Model 3
Bias

SE

.111
.038
.345*
.228*

-.015
.007
.000
.018

.150
.190
.001
.176

.019
-.012

.023
-.033

.130
.140

.356**
-.106
.448
5.291**

-.002
.003

.112
.137

β

Research Question Five: The relationships between ELLC experiences, sense of
belonging, and intent to persist in engineering major or remain at institution
The fifth and final research question asked what the likelihood a participant would
indicate that they intend to stay in the engineering major or remain at the institution based
on their scores in the ELLC experiences, Peer and Community Involvement, and sense of
belonging to the major and to the institution. The dichotomous variable of intent to
persist acts as the dependent variable with the ELLC experiences and sense of belonging
measures as the independent variables. After running preliminary regression analyses
with all pre-entry attributes and finding they were not significant, the researcher elected
to exclude these variables from the final model (See Table 11). Since the intent to persist
variables are skewed with little variances, including too many variables that are nonsignificant in the model can be problematic. The experience variables were entered into
the first block, followed by belonging in the second step. Again, bootstrapping was
utilized for this analysis due to the non-normal distribution of the dependent variable. The
model was able to correctly classify overall 93.3% of the responses. The odds of a
student who rated a higher sense of belonging to the major would intend to persist in their
major were approximately 10 times higher than a student who rated a lower sense of
belonging to the major. In other words, the higher a student rates their sense of belonging
to their major, the more likely they will report that they intend to persist in the
engineering major.
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Table 11
Summary of Logistic Regression analysis with bootstrapping for likelihood of intent to
persist in engineering major

Variable
ELLC Peer
Involvement
ELLC Community
Involvement
Belonging to Major
Belonging to
Institution
Constant
χ2
df

Model 1
B

e

Model 2
B

SE

SE

eB

1.070

.711

2.916

.253

.970

1.288

-.703

.734

.916

-1.429

.941

.240

2.322**

.737

10.198

.555

.695

1.742

B

1.123
2.634
2

-4.023
20.224***
4

*p< .05; **p< .01; ***p< .001

The logistic regression analysis with intent to remain at the institution did not return any
significant predictors (see Table 12). This dependent variable was highly skewed with a
very small number of “no” responses (N=3), which limited the variances in the dependent
variable.
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Table 12
Summary of Logistic Regression analysis with bootstrapping for likelihood of intent to
remain at institution

ELLC Peer
Involvement
ELLC Community
Involvement
Belonging to Major
Belonging to Institution
Constant
χ2
df

Model 1
B

e

Model 2
B

SE

SE

eB

-.175

.957

.839

-.763

1.247

.466

.358

.903

1.430

.474

.957

1.606

-.684
.907
4.497
2.115
4

1.074
.682

.505
2.476

B

2.912
.166
2

*p< .05; **p< .01; ***p< .001

Summary
Chapter four was a presentation of the findings of each of the five research
questions. The frequencies that answered the first question helped explain how students
rate their experiences in the ELLC and that the social aspect of the living-learning
community may be more effective than the promotion of external factors in the campus
community. The frequencies of how students rated sense of belonging to the engineering
major and to the institution, showed an overall agreement that both the major and the
institution made them feel supported, comfortable, accepted, and a part of. Comparing the
means provided insight into a significant difference between males’ and females’ content
GPA with females’ higher than males’, as well as significant differences between white
and non-white students’ experiences in the ELLC (peer and community involvement) and
sense of belonging (to the engineering major and to the institution), all lower means for
non-white students. Multiple regression analyses with sense of belonging as the
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dependent variable indicated a significant relationship between peer involvement and
belonging to the major and between both peer and community involvement and
institutional belonging. Another multiple regression analysis with content GPA as the
dependent variable resulted in a significant relationship between belonging to the
engineering major and content GPA. Finally, a logistic regression analysis indicated that
the more one feels a sense of belonging to the major, the more likely they will respond
with an intent to persist in engineering. There were no significant findings in the logistic
regression analysis with intent to remain at the institution.
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CHAPTER FIVE: CONCLUSION
The purpose of this study was to examine the relationships among first-year
engineering students’ experiences in an engineering living-learning community, the sense
of belonging to the engineering major and to the institution, student success measured by
cumulative GPA of content coursework, and the intent to persist in the engineering major
or remain at the institution. The sex and race of students were also considered as
independent variables, particularly examining the underrepresented minority groups in
STEM, with pre-college academic variables as controls. Understanding the interaction
between these components is important in creating an inclusive and effective first-year
experience for engineering students, to ensure their persistence in the field and retention
at the institution. The findings of this study are consistent with existing evidence that
students’ sense of belonging is related to positive student outcomes such as academic
performance, satisfaction, commitment, and persistence (Hausmann et al., 2009; Hurtado
& Carter, 1997; Stephens et al., 2012). This chapter continues the discussion of results,
followed by implications for practice, then various limitations of the study, and ideas for
future research.
ELLC experiences, sense of belonging, college academic success, and intent to
persist
An examination of item-level agreement ratings with the two ELLC Experience
constructs, Community and Peer Involvement, provided the researcher with insight of
how students felt that the ELLC impacted their experiences both with their peers and in
the campus community. They reported with the highest agreement that the ELLC helped
them in their awareness of resources on campus (83.4%), their awareness of students with
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similar interests (80.9%), and their adjustment to the university environment (80.7%).
These items are all related to intended outcomes of an LLC and increasing the ease of
transition from high school to college (Astin, 1993; Inkelas et al., 2007; Upcraft, et al.
2005, Zhao & Kuh, 2004). The students had the least agreement that the ELLC was able
to help them create connections with upper class or graduate engineering students (46%),
create connections to clubs and organizations (56.2%), and participate in study groups
(59.2%). These intended outcomes of the ELLC were all related to creating connections
with other people, which may be more difficult to achieve within the ELLC than it is to
simply provide students with information about resources. Therefore, practitioners should
focus on promoting more social integration within the ELLC with programs like
mentoring, study groups in the residence halls, and presentations or activities sponsored
by student organizations. Moreover, participation in study groups could be considered as
an aspect of academic integration, which this particular LLC is not set up for.
The non-white students in the present study rated significantly lower agreement
ratings about the ELLC and sense of belonging categories than white students. This
indicates that the non-white students do not believe that the ELLC is promoting their peer
or community involvement as much as the white students believe. Likewise, they do not
feel as supported, accepted, comfortable, or as a part of the engineering major or the
institution as their white peers. This is consistent with Inkelas et al. (2006) in which
students of color reported significantly lower experiences in the residence halls and with
findings in which students of color reported lower sense of belonging to the institution
than their white peers (Hurtado & Carter, 1997; Hausman et al., Johnson et al., 2007;
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Spainerman et al., 2013). These differences exist while non-white and white students had
similar average content GPAs and intent to persist ratings.
Overall, students rated a higher sense of belonging to the institution than to the
major. This may be because engineering students are not in engineering classes during
their first year; instead they are enrolled in introductory math and science courses and
general education courses with students from many other majors. Therefore, the affinity
that they would feel toward the engineering major is not fostered in their classes. This
makes the ELLC a prime setting for fostering a sense of belonging, if not the only
opportunity for it during the first year in an engineering program.
Sex was not a significant factor when comparing the means of experiences in the
ELLC, belonging, or intent to persist. These results are consistent with Soldner et al.
(2012), who found no gender differences in the effect of residing in LLCs on persistence
in a STEM major. King (2016) also found no significant gender differences in persistence
in STEM majors. These findings also support the research that shows that women who
enter a STEM major are no more likely than men in a STEM major to change majors
(Riegle-Crumb et al., 2016). Goodman et al. (2002) found that women were most likely
to consider leaving engineering at some point during their sophomore year, which could
explain the insignificant findings in the present study of first-year students. There was
only a significant difference between the sexes’ content GPA, with females scoring a
higher cumulative GPA than males. This could be due to female students who choose
engineering as a major have likely had considerable interest and success in math and
science before attending college. But still, female students with higher college academic
performance do not have a stronger sense of belonging to their engineering major nor
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more positive views about their ELLC experiences than male students. Policymakers in
engineering programs should consider these results as positive for their current female
students but should be aware of other implications for attracting female students in the
future. Attention should be paid to the low rate at which females are entering the major,
while remembering to continue to foster all positive experiences and sense of belonging.
Zeldin and Pajares (2000) found that women engineering students manifest their selfefficacy differently than men. Women who were successful in mathematics-related fields,
such as engineering, computer science, and chemistry indicated that their self-efficacy
was strongly influenced by the people around them, or their support networks; they
needed others to believe in them for them to believe in themselves. Goodman et al.
(2002) also noted that encouragement by supportive others influenced women to stay in
engineering. These supportive others include parents, high school science and math
teachers, and engineering faculty, advisors, or mentors. Cordova-Wentling and Camacho
(2006) found that women are less likely to persist in engineering without a personal
connection to their academic community. Engineering programs could provide mentors
who teach them to set goals and provide sources of motivation, student organizations, and
peer networks, which all contribute to a potentially strong support system.
There were no significant differences between sex or race for intent to persist in
the major or at the institution. This aligns with some of the research in STEM students,
but counters others. Ishanti (2016) found that identifying as a woman, as Asian, or as
Hispanic were significantly more likely to drop out of college during their first year than
those who identified as men or as white. However, Ishanti studied retention data on all
students, not intention to persist or STEM students specifically, which could account for
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the inconsistency. Women who choose a STEM major were no more likely than men to
drop out than men (King, 2016; Riegele-Crumb et al, 2016). However, the insignificant
findings in the present study could be due to the very small number of students who
responded that they were not intending to remain an engineering major (N=7) or stay at
the institution (N=3), therefore limiting the variances.
The relationships between ELLC experiences and sense of belonging
The reason for examining the relationships between how students believe the
ELLC affected their college experiences and sense of belonging was to identify whether
the ELLC had the capacity to increase students’ sense of belonging, to their major or to
the institution. The findings are consistent with existing evidence that students living in
LLCs have positive experiences related to successful academic and social outcomes in
college (Flynn et al., 2015; Inkelas et al., 2007; Kahveci et al., 2006; Zeldin & Pakares,
2000). The results showed that Peer Involvement had a significant positive effect on
sense of belonging to the engineering major. Students who felt that the ELLC positively
influenced their ability to meet peers with similar interests, adjust to the university
environment, form close friendships, and participate in study groups rated a higher sense
of belonging to the engineering major. Peer Involvement also had a significant positive
effect on sense of belonging to the institution, along with the Community Involvement
construct. Students who felt that the ELLC positively contributed to their awareness of
resources on campus, ability to become more involved on campus, create connections
with upper class or graduate students, and be connected to clubs and organizations felt a
stronger sense of belonging to the institution. The results of this study emphasize Astin’s
(1993) claim that interaction with peers has important implications on college student

55

outcomes. These results also confirm existing evidence that students experience a sense
of belonging in an LLC (Johnson et al., 2007; Spainerman et al., 2013).
This analysis also uncovered that non-white students rated a significantly lower
sense of belonging to the major and the institution than white students, but the
significance disappears when ELLC experiences were added to the model, which
indicates that the impact of race on sense of belonging is mediated by their experiences in
the ELLC. This is important to consider because if certain groups react to their
experiences differently, then experiences should be tailored to influence all groups, not
just the majority.
The relationships between ELLC experiences, sense of belonging, and college
academic success
One of the most common indicators of student success in college is GPA,
especially in such a demanding and competitive major as engineering. Not only is having
a high GPA important, but first semester and first year GPA have also been found to be a
significant predictor of persistence (Ishanti, 2016; Stewart et al., 2015). The results of this
analysis are consistent with studies saying that pre-college academic performance can be
a significant predictor of the first year of college GPA (Astin et al., 1987; Tinto, 1979,
1993). Both SAT scores and high school GPA remained significant predictors for content
GPA through each model. Over and above the effects of high school grades and SAT
scores on college GPA, sense of belonging to major had a highly significant effect.
Policymakers need to investigate ways to promote students’ sense of belonging as it has a
significant effect on academic performance in their content courses. ELLC experiences
per se were not significant predictors of students’ academic performance, however,
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ELLC experiences on peer involvement was a significant predictor for the sense of
belonging to the major. It appears that the experiences in the ELLC may have indirect
effects on college academic performance through enhancing students’ sense of belonging
to their major.
The relationships between ELLC experiences, sense of belonging, and intent to
persist
Retaining engineering students is imperative for the success of not only the school
in question, but for the field of engineering. This study examined how experiences in
ELLC, students’ sense of belonging to engineering and the institution influenced
their intent to persist in the major or institution. The results indicated that the higher the
sense of belonging to the major, the more likely a student would report one will stay in
the engineering major. These results from the present study provides support of Tinto’s
retention theory, that if students are integrated into a school through a group, either social
or academic, they are less likely to leave. In this case, if students feel a sense of
belonging to the engineering major (group), they are less likely to want to leave that
group. Belonging has also been shown to be a mediating outcome between experiences
and retention (Tovar & Simon, 2010).
Implications for Practice
This study indicates that peer involvement is an important variable to focus on,
due to its role as a significant predictor for both a sense of belonging to the engineering
major and the institution. Moreover, a sense of belonging to the engineering major is
important to foster because it is not only a significant predictor to content GPA, but also
to the likelihood that a student intends to persist in their major. Programs and policies that
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promote students with similar majors and interests connecting, forming close friendships,
and participating in study groups may act as mediating factors to the success of
engineering students living in an LLC. Practitioners should create programs that focus
more on the social aspect of the residence hall; events that bring their students together
could be ice cream socials, games, movie nights, etc. In order to connect the dynamic
social and academic integration aspects, practitioners could also consider integrating
educational content with social programs. For example, the ELLC in the study puts on an
evening called “Gingerneering” which is a gingerbread house construction competition.
Students engage with each other socially while they employ their engineering skills in the
competition. Study groups or study sessions are other academic-social activities.
This study also underscores the importance of non-academic factors such as peer
interaction and sense of belonging for academic success and persistence and reinforces
the necessity of belonging to be considered an integral component in persistence and
retention studies (Astin, 1993; Dewey, 1916; Dika & D’Amico, 2015; Freeman et al.,
2007; Inkelas et al., 2007; Johnson et al. 2007; Lee & Matusovich, 2016; Lenning &
Ebbers, 1999; Morrow & Ackerman, 2012; Pascarella & Terenzini, 1994, 2005).
Belonging is not an immutable factor and needs to be included in institutional efforts to
retain students. The present study specifically highlights the importance of engineering
students feeling a sense of belonging to their major in order to be successful academically
and want to persist in engineering. Practitioners can use the results from this study to help
foster students' sense of belonging to their major by strengthening the branding of the
College of Engineering and promoting an inclusive community for their students.
Hausmann et al. (2007) performed an intervention study and were able to significantly
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influence students’ sense of institutional belonging with small gifts with the university's
logo on it. This incentive-based intervention could be duplicated at the level of the
institution, the College of Engineering, and the ELLC. The residence halls in the ELLC
could even implement their own branding so students feel belonging within the smaller,
first-year experience. If there are other LLCs on campus, friendly competitions between
the LLCs could also result in an increase of sense of belonging and both peer and
community involvement.
According to the results of this study, non-white students rate their experiences in
the ELLC and sense of belonging to the major and the institution significantly lower than
white students even when they have similar academic performance and persistence. This
is interesting as non-white students who have similar content GPA and intent to persist
still reported significantly lower agreements on their ELLC experience as well as their
sense of belonging to engineering major and the institution. This study also uncovered
that the experiences of non-white students in the ELLC are related to their lower sense of
belonging. These results indicate that practitioners should identify specific activities that
foster non-white students positive ELLC experiences and sense of belonging. Mentor
programs could help increase the social integration of these students, especially if peer
mentors are utilized. Organized study groups might also be a helpful tool for students
who are less likely to create a group of their own. Vaccaro and Newman (2016) found
that minoritized and privileged students participate in activities and organizations for
different reasons: minoritized students look for authentic relationships and a place to feel
like they fit in, while privileged students want to have fun and make a difference in their
communities. Therefore, practitioners should first identify which students they wish to
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attract to events and programs and then consider creating authentic connections with
peers as a primary outcome when designing programs in the LLC. Programming that
integrates intentional conversations with all students about racism and sexism in the
engineering field or in college might also help students from marginalized populations
create more authentic connections with their peers.
Vaccaro and Newman (2016) also recommended an examination of the way
opportunities for diverse populations are communicated to the campus community.
Practitioners and support staff can help students from marginalized or underrepresented
student groups connect with each other by identifying or creating and sharing safe spaces
for them to come together and connect with each other. Any communications should be
frequent and affirmative, so that these student groups feel supported by the university. It
is also important for communications to be in a positive voice so that all students,
majority and minority, are aware that the institution values these groups.
However, practitioners should not only focus on enhancing the experiences and
belonging of non-white students, but also to continue to search for understanding of why
and how they might experience things differently. Johnson et al. (2007) recommended
that “rather than placing the burden on students to adapt to an unalterable campus
context, to reinforce the importance of understanding students’ perceptions of their
college environments and experiences” (p. 537). This could be done by involving
students in the planning process for institutional or LLC programs, or having a diverse
student board to have a consistent sounding board for future ideas and plans. Focus
groups of first-year students are also an efficient and effective way to learn about
students’ experiences and opinions during the semester.
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Although there were no significant sex differences in this study, this study did not
examine the low enrollment of female students in engineering major. There is still a
gender inequality in the field of engineering, demonstrated by the significantly lower
number of female engineering majors. Engineering is a historically gendered and raced
science in which men and people who identify as white hold more cultural capital than
women and underrepresented racial and ethnic minority groups. The male- and whitedominated, patriarchal engineering programs and curriculums require reform with all
students in mind: they are only causing further harm to women and other
underrepresented groups, who may feel oppressed in this environment where they have
little capital. By supporting women and racial/ethnic minority students in engineering, it
is providing an opportunity for them to gain capital and respect in the community while
making a difference in society. The results from this study contribute to the importance of
attracting and retaining students from underrepresented groups, such as women and
students of color.
Limitations
Like many other studies on college students, this study experiences the common
limitation that it was performed with only one program at one institution. Therefore, the
smaller sample size reduces the ability of the results to be generalizable to all first-year
students or all engineering students in every type of engineering program. The study can
be replicated in various LLC environments to increase the external validity of the results
(Fraenkel et al., 2012). Surveys also may not capture honest and careful answers from the
participants (Mertens, 2005). This study is based on self-report data, which can only be
evaluated as the perceptions of students. Volunteer bias is another limitation when
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collecting data from a voluntary survey. Additionally, the measure of persistence used in
this study was a self-reported intention to persist, which is not an accurate measurement
of institutional retention.
This study did not employ an experimental design with a control group and
therefore conclusions regarding causation cannot be made. The relationships uncovered
in this study can only be interpreted as correlational which means for example, a higher
perceived sense of belonging to engineering is correlated with a higher content GPA, but
it does not mean a higher sense of belonging causes a higher content GPA. There may
also be a cohort effect in which the results may only be due to the specific group of
students. Another limitation regarding the timing of the survey was that the data was
collected at the end of the first year and would not be able to capture any students who
left either the living-learning community or the institution during their first semester,
which has been found to be a common time for attrition (Tinto, 1993).
There were a few limitations related to data limitations. The race/ethnicities as
reported by the Common Application were aggregated in order to satisfy sample size
concerns and increase the internal and external validity of the study. Therefore, if there
were any differences between ethnicities in experiences or other variables, they were not
captured. Students who identified as Asian were included in the non-white group and
they are not considered part of the URM group in STEM majors, therefore the study
cannot claim this. The sample of students also lacks variance within each group, due to
the small number of women and non-white students in both the sample and the
population. This study did not include students’ socioeconomic status (SES) or reception
of financial aid, an important variable for academic success and persistence due to data
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limitations. Content GPA was calculated for the courses that are requirements and related
to engineering. The number of courses that students were enrolled in range from one to
fourteen courses, therefore the GPA of a student in just one course might not be accurate.
However, the distribution was normal with students taking an average of seven classes.
Finally, since the setup of the ELLC does not include faculty-student interaction,
academic integration was limited to the participation in study groups. Since study groups
are a form of collaborative learning, they could be considered a mixture of academic and
social integration.
Regardless of the limitations, the results of this study offer insight into the ways
engineering college students feel the ELLC influences their experiences, and in turn
increases their sense of belonging to the engineering major, which can also increase
student success and the likelihood of persisting in the major.
Future Research
Qualitative research is recommended for future studies to learn about the
experiences of engineering students, specifically the URM students in STEM majors:
females and non-white students. Future research using qualitative designs could help
examine interactions between identities or look more deeply into the connections
between their experiences in the ELLC and their sense of belonging. A qualitative study
would also provide a richer story by representing student voices. According to this study,
non-white rate significantly lower for all ELLC experiences and sense of belonging. The
results from a qualitative study could also provide practitioners with more insight on how
to design interventions to improve students’ experiences and/or sense of belonging.
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A larger sample with more representation of URM students will provide better
understanding of how different ethnicity groups might have different experiences. Future
studies should examine the within-group differences between ethnic groups to determine
these differences exist. Based on the decision to combine all race/ethnicities into “white”
and “non-white” categories, this study was unable to determine whether there were any
differences in experiences within the “non-white” group. Moreover, the self-reported
race/ethnicity and sex data from the Common Application is limited to few categories,
homogenizing ethnicities within races and only providing binary categories for sex. A
recommendation for future studies would be to include more inclusive ethnicity and
gender options for the students to self-report.
Further examination that utilizes a longitudinal study would be able to examine if
and how different factors change over time. Marra et al. (2009) found that women’s sense
of inclusion in engineering decreases over time, even as their self-efficacy increases.
Although the present study did not detect any empirical evidence for sex differences in
how students rated their experiences in the ELLC, their sense of belonging, or their intent
to persist, it would be interesting to see if any differences emerge as women enter more
engineering-specific coursework and start working with engineering faculty in the maledominated field.
Intersecting identities are also important to look at when studying URMs because
there may exist overlapping disadvantage or discrimination (Crenshaw, 1989). This could
include intersections of gender and race and ethnicities. A double disadvantage like that
experienced by women of color should be considered when creating programs for
students. For example, Ro and Loya (2016) found that the influence of race on certain
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engineering learning outcomes is more negative for women than men who identified as
Black. These negative self-assessments were thought to put Black women at a double
disadvantage because of the intersection of minority gender and race in engineering.
Future studies should examine the intersection of multiple demographics in order to have
a more complete picture of these relationships and interactions.
It would also be interesting to perform an intervention study that introduces
increased faculty-student interaction into the ELLC. The current model has minimal
faculty involvement with the students in the ELLC. An ideal LLC would faculty
members integrated into the LLC, either through programming, office hours in the
residence hall, or a class taught in space in the residence hall. Some examples of
programming could be in formal or informal settings--either faculty-led study groups or
coffee with professors.
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APPENDIX A
UNIVERSITY College of Engineering
Engineering Living Learning Community (ELLC) Post-Survey
The College of Engineering would like to learn about your experience as a member of the
Engineering Living Learning Community (ELLC). Please answer the following questions
to help us continuously improve the ELLC experience. There are no right or wrong
answers. Please honestly answer all questions.
Statement of Confidentiality
We hope to gain your thoughts and opinions to better serve you and future engineering
students. This survey should only take TEN minutes to complete. Be assured that all your
answers will be kept in the strictest confidence. Confidential surveys collect personally
identifiable information that may be combined with existing data for further analysis (for
example, pre- and post-data). No personally identifiable information will be shared with
anyone other than the principal researcher.
Thank you for agreeing to take part in this important survey measuring your experiences
with the Engineering Living Learning Community.
ID#: _________
1. Which ELLC residence hall do you live in?
2. The ELLC helped me get to know the following: Rate your agreement on a scale
from 1 (Strongly disagree) to 5 (Strongly agree).
1. My Engineering Peers
2. My Engineering Advisors
3. My Engineering Deans
4. My ELLC RAMs
3. Did you join any on-campus engineering organizations or clubs? If yes, which
one(s):
4. Did you attend any organized programs / events in the ELLC? If yes, which ones did
you enjoy the most and why?
5. Did you participate in any study groups this year? If yes, were these study groups
lead by a RAM or informal (with peers/friends)?
6. I feel that my participation in the ELLC has improved:
Rate your answer on a scale from 1 (Strongly Disagree) to 5 (Strongly Agree)
· My awareness of students with similar interests.
· My connections to clubs and university activities.
· My awareness of resources on campus.
7. My ELLC living experience helped me to:
Rate your answer on a scale from 1 (Strongly Disagree) to 5 (Strongly Agree)
· Adjust to the university environment.
· Become more involved in activities on campus.
· Participate in study groups.
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·
·

Form close friendships.
Create connections with upper class or graduate engineering students.

8. My RAM:
Rate your answer on a scale from 1 (Strongly Disagree) to 5 (Strongly Agree)
· Has been helpful overall.
· Provided me with useful information
· Facilitated interactions among other ELLC residents.
· Has kept me informed about upcoming activities or programs.
· Has helped me to learn about university resources.
· Has helped me to succeed in my classes
9. In what ways have the RAMs been beneficial to you? (Open Ended Response)
10. How could your RAM have better assisted you? (Open Ended Response)
11. How helpful do you think the ELLC experience was to your academic success as a
first-year engineering student? 1 (Not at all helpful) – 5 (Extremely helpful)
12. Would you recommend the ELLC experience to incoming engineering freshmen? 1
(Strongly discourage) - 5 (Strongly encourage)
13. If it were an option, would you be interested in a Year 2 LLC? (yes no maybe)
14. What did you like most about living in the ELLC? (Open Ended Response)
15. What did you like least about living in the ELLC? (Open Ended Response)
16. What suggestions or changes to improve the ELLC do you have? (Open Ended
Response)
17. I feel accepted in my engineering major.
18. I feel comfortable in my engineering major.
19. I feel supported in my engineering major.
20. I feel that I am a part of my engineering major.
21. I wish that I had chosen a major other than engineering.
22. I feel accepted at university.
23. I feel comfortable at University.
24. I feel supported at University.
25. I feel that I am a part of the University community.
26. I wish I had gone to another school instead of University.
27. Do you think you will stay an engineering major? (yes no not sure)
28. Do you think you will stay at University? (yes no not sure)
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